INTRODUCTION
============

Obesity, cigarette smoking, and hypertension are three well-established risk factors for developing renal cell carcinoma (RCC), and epidemiological studies have consistently suggested evidence for an association between these risk factors and the etiology of RCC ([@B1]-[@B3]). However, the influence of these risk factors on prognosis and survival in patients with RCC has not been well studied, especially before the early 2000s. Recently, a number of studies have provided evidence that being overweight or obese, as measured by the body mass index, is a favorable prognostic factor in patients with RCC ([@B4]-[@B11]). A few studies have shown that smoking may increase the risk of mortality in patients with RCC ([@B12]-[@B14]), but there have been very few studies and inconsistent conclusions concerning blood pressure ([@B15], [@B16]). The prognostic value of smoking and blood pressure for RCC survival therefore remains unclear, compared to the increasing awareness of body mass index as a prognostic factor.

The current literature does not contain any studies that fully evaluate the association between these three major risk parameters and overall or cancer-specific survival in patients with RCC. Furthermore, most of the studies in the literature were conducted for RCC with all pathologic T stages (T1-T4). Therefore, the association of the three risk parameters and the survival of low stage (pT1 and pT2) RCC is still unclear. Our objective was to assess the influence of body mass index, smoking, and blood pressure on overall and cancer-specific survival in patients with pT1 and pT2 RCC.

MATERIALS AND METHODS
=====================

Data collection
---------------

A total of 1,545 patients with RCC who underwent radical or partial nephrectomy between October 1994 and December 2008 were initially selected. The exclusion criteria were: 1) pediatric patients (age under 20 yr); 2) pT3 and pT4 stage renal cell carcinoma; and 3) less than 12 months of follow-up. Patients with clinical lymph node positivity or distant metastasis on preoperative imaging were included because they were not pathologically proven preoperatively. Therefore, a cohort of 1,036 patients was finally enrolled in this study. We retrospectively reviewed the medical records of the cohort, and then followed them to obtain survival and the cause of death data available from the Department of Medical Records in our hospital and the Korea National Statistics Office. The designated endpoint date was December 31, 2008. Body mass index, smoking status, and blood pressure at the time of surgery were recorded. The body mass index was calculated by a single author using height and weight of the patients measured preoperatively. Smoking status was interviewed by ward nurses before surgery and recorded on medical records. Blood pressure was measured pre- and postoperatively on a daily basis and a single author calculated the mean value of three consecutive blood pressures measured one day before surgery and two consecutive postoperative days. The duration of survival was calculated from the date of surgery to the date of death or to the study endpoint. Other demographic covariates including cancer stage and Fuhrman grade were collected. The stage for RCC was recorded based on the 2010 7th edition American Joint Committee on Cancer (AJCC) TNM staging system. Pathologic T stage was obtained from the pathologic documentation of surgical specimen. Because not all patients underwent lymphadenectomies or metastasectomies, clinical N and M stage were obtained from preoperative and follow-up imaging studies such as computed tomography and bone scans.

The obesity grade was classified using the World Health Organization (WHO) recommendation for Asians based on body mass index (underweight \< 18.5 kg/m^2^; normal weight ≥ 18.5 to \< 23 kg/m^2^; overweight ≥ 23 to \< 27.5 kg/m^2^; obese ≥ 27.5 kg/m^2^) ([@B17]). Smoking status was recorded as non-smoker, former smoker, or current smoker. The perioperative blood pressure was classified using the definition of hypertension stage from the Joint National Committee-7 (JNC-7) (blood pressure: normal \< 120/80 mmHg; prehypertension 120-139/80-89 mmHg; stage 1 hypertension 140-159/90-99 mmHg; stage 2 hypertension ≥ 160/100 mmHg) ([@B18]). All patients were grouped according to these classifications.

Statistical methods
-------------------

To compare the distribution of important clinical and pathologic covariates across each of the three risk factors, we employed one-way analysis of variance (ANOVA), chi-square tests, and Fisher\'s exact tests. A life table analysis was conducted by plotting survival curves and statistical significance was deduced by the Gehan\'s Wilcoxon test. A Cox proportional hazards regression model was used for multivariate analysis. Step-wise regression techniques were used to build multivariate models using a significance level of 0.15 for the variable to remain in the model. Also, covariates with no significance on univariate analysis were also included in the model if they were those that the authors intended to know the association with patient survival. All analyses were performed using SPSS v.19.0 (SPSS Inc., Chicago, IL, USA), and a *P* value \< 0.05 was considered statistically significant.

Ethics statement
----------------

The study protocol was approved by the institutional review board of the Samsung Medical Center (IRB File No. 2011-07-061). Informed consent was waived by the board.

RESULTS
=======

Baseline demographic data of the entire cohort are summarized in [Table 1](#T1){ref-type="table"}.

Body mass index
---------------

Of the 1,036 cohort in our study, 23 patients (2.2%) were categorized as underweight, 288 (27.8%) as normal weight, 555 (53.6%) as overweight, and 170 (16.4%) as obese ([Table 2](#T2){ref-type="table"}). Significant differences were noted in age, sex, the American Society of Anesthesiologists (ASA) class, perioperative blood pressure, history of hypertension, type of surgery, and pathologic T stage.

As shown in the life table survival plots ([Fig. 1A](#F1){ref-type="fig"}), the overall and cancer-specific survivals significantly decreased with being underweight compared to being normal, overweight, and obese (*P* = 0.001 for overall survival; *P* \< 0.001 for cancer-specific survival). The overall and cancer-specific survivals five years after surgery were 73% and 73% for underweight, 90% and 92% for normal weight, 92% and 94% for overweight, and 90% and 93% for obese patients, respectively. There were no significant differences in overall and cancer-specific survival between the normal and overweight, and overweight and obese groups.

Smoking
-------

A total of 732 patients (70.7%) were categorized as non-smokers, 38 (3.6%) as former smokers, and 266 (25.7%) as current smokers ([Table 3](#T3){ref-type="table"}). Significant differences were noted in age, sex, ASA class, history of hypertension, type of surgery, and histologic subtype. At survival analysis, the overall and cancer-specific survivals 5 yr after surgery were 90% and 92% for non-smokers, 87% and 92% for former smokers, and 94% and 94% for current smokers, respectively. The life table survival plots did not reveal any significant differences in overall (*P* = 0.138) and cancer-specific survivals (*P* = 0.475) among the three groups ([Fig. 1B](#F1){ref-type="fig"}).

Blood pressure
--------------

A total of 254 patients (24.5%) were categorized as normal blood pressure (\< 120/80 mmHg), 460 (44.4%) as prehypertension (120-139/80-89 mmHg), 241 (23.3%) as stage 1 hypertension (140-159/90-99 mmHg), and 81 (7.8%) as stage 2 hypertension (≥ 160/100 mmHg). Age, sex, ASA class, obesity grade, history of diabetes mellitus, and history of hypertension differed among the four groups ([Table 4](#T4){ref-type="table"}). At survival analysis, the overall and cancer-specific survivals five years after surgery were 92% and 94% for normal blood pressure, 91% and 93% for prehypertension, 91% and 93% for stage 1 hypertension, and 84% and 92% for stage 2 hypertension, respectively. Life table survival plots did not reveal any significant differences in overall (*P* = 0.162) and cancer-specific survivals (*P* = 0.973) among the four groups ([Fig. 1C](#F1){ref-type="fig"}).

Multivariate analysis
---------------------

Age, Fuhrman grade, and distant metastasis were common independent predictors affecting both overall and cancer-specific mortalities ([Tables 5](#T5){ref-type="table"}, [6](#T6){ref-type="table"}). Perioperative blood pressure (*P* = 0.022) was an independent predictor for overall mortality, whereas obesity grade (*P* = 0.033) and erythrocyte segmentation rate (*P* = 0.037) were independent predictors for cancer-specific mortality. However, although not statistically significant, there was a strong trend for obesity grade to predict overall mortality (*P* = 0.086) and perioperative blood pressure to predict cancer-specific mortality (*P* = 0.082). Specifically, perioperative blood pressure of stage 2 hypertension degree (≥ 160/100 mmHg) was an independent predictor for overall mortality (HR, 2.642; 95% CI, 1.221-5.720) compared to normal blood pressure, while being underweight was an independent predictor for cancer-specific mortality (HR, 4.320; 95% CI, 1.557-11.984) compared to normal weight. However, smoking status was found not to influence overall and cancer-specific mortalities independently.

DISCUSSION
==========

A number of recent studies have provided evidence indicating that being overweight and/or obese, as indicated by body mass index, are favorable prognostic factors in patients with RCC ([@B4]-[@B11]). By a similar context, other studies have reported that being underweight is an unfavorable prognostic factor ([@B19]-[@B21]). Several explanations for why being overweight and/or obese are associated with a better prognosis, or why being underweight is associated with a worse prognosis have been suggested. Yu et al. ([@B22]), in their first report of obesity as a favorable prognostic factor in RCC, postulated that the increased amount of fat between the kidney and the Gerota\'s fascia in obese patients might function as a barrier to further invasion of cancer cells. Haferkamp and associates ([@B19]) suggested cachexia as one reason for underweight patients having a poorer prognosis. They reported that up-regulated tissue catabolism and impaired anabolism, release of tumor-derived catabolic factors and inflammatory cytokines, and neuroendocrine dysfunction could possibly affect patient survival. This hypothesis was supported by a study by Kim et al. ([@B23]) who reported that cachexia-like symptoms independently predicted a worse prognosis. Another possible explanation was suggested by Rasmuson and colleagues ([@B24]), who reported that serum insulin-like growth factor-1 was positively correlated with body mass index, and the increased insulin-like growth factor-1 in obese patients might be associated with increased survival. The association between body mass index and tumor characteristics can be another factor to consider, but is still uncertain. Parker et al. ([@B6]) reported that patients with a body mass index ≥ 25 kg/m^2^ had less aggressive tumors. Naya and associates ([@B25]) revealed that visceral adipose tissue, as assessed by computed tomography, in patients with stage 1 disease was significantly greater than that in patients with more advanced disease. In contrast, Schips and colleagues ([@B26]) could not affirm a significant correlation between body mass index and pathologic T stage and tumor grading. In our study, we found a statistically significant trend that more tumors with pathologic T2 stage occurred than T1 stage as the obesity grade decreased ([Table 2](#T2){ref-type="table"}). This difference might be regarded as a biased phenomenon because one may think that the difference in patient survival was not affected by obesity grade but by pathologic T stage. But our multivariate analysis showed that obesity grade independently affected cancer-specific mortality after adjustment for pathologic T and clinical N and M stage ([Table 6](#T6){ref-type="table"}). Thus, it is likely that body mass index can affect patient survival independently, irrespective of the tumor stage.

As mentioned above, most of the current literatures have stated that being overweight and/or obese are favorable prognostic factors for cancer-specific survival, but not for overall survival ([@B4], [@B6]-[@B11]). Few studies have focused on the effect of being underweight in the prognosis of patients with RCC. A study by Haferkamp and colleagues ([@B19]) concluded that being underweight worsened the prognosis by more than four times (HR, 4.27; 95% CI, 1.47-12.4), which is very similar to our study (HR, 4.320; 95% CI, 1.557-11.984). However, in our study, being underweight was the only statistically significant factor for cancer-specific survival, while being overweight or obese showed no statistical significance. Although unclear, the difference might have resulted from limiting the cohort to low stage (pT1 and pT2) diseases in our study, while most of other studies included the whole pathologic T stages.

There are few studies of the association between smoking and RCC survival. At the Memorial Sloan-Kettering Cancer Center, investigators reviewed 25,436 tumor registry records and reported that smokers had an overall lower rate of survival than non-smokers, with a significant association in several solid cancers, but not in renal cancer ([@B27]). Parker et al. ([@B15]) did not find an association between smoking status and RCC survival despite adjustment for age and tumor stage. Other studies showed that smokers had significantly lower overall survival rates compared to non-smokers in univariate analyses, but failed to identify an association between smoking status and survival in multivariate analysis ([@B13], [@B14]). We were similarly unable to find an association between smoking status and overall and cancer-specific survivals.

Studies of an association with blood pressure are also scarce. In a 1993 cohort study authors found increased mortality due to RCC among hypertensive patients ([@B28]). Two more recent studies have reported contradictory conclusions; Parker and authors ([@B15]) reported a positive association between hypertension and RCC-specific survival, whereas Grossman et al. ([@B16]) showed a negative association. Grove and associates ([@B29]), in a 20-yr prospective study of a cohort of 8,006 patients, found no association between blood pressure and RCC death. In our study, the life table survival plot did not show a significant association between perioperative blood pressure levels and overall or cancer-specific survival. However, the multivariate analysis revealed that the perioperative blood pressure was an independent predictor for overall mortality with adjusting the past history of hypertension as a covariate. Specifically, the perioperative blood pressure of a stage 2 hypertension degree (≥ 160/100 mmHg) was found to be an independent predictor for overall mortality.

We admit that our study had several limitations which should be discussed. It had a retrospective design and was performed at a single institution. There is the possibility of selection bias associated with referral patterns to a tertiary medical center. The significant differences in basic demographic data such as age, sex, and ASA class between groups classified by the obesity grade, smoking status, or perioperative blood pressure levels could be the weakest point of our study. Although these demographic variables were adjusted for in the multivariate analysis, these differences may still have affected our findings.

In conclusion, overall and cancer-specific survivals significantly decrease with being underweight in patients with low stage RCC. Perioperative blood pressure ≥ 160/100 mmHg and being underweight are unfavorable independent predictors of overall and cancer-specific survival, respectively, while smoking status does not influence overall or cancer-specific survival.
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Baseline demographic data of the entire cohort (1994-2008; n = 1,036)
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ASA, American Society of Anesthesiologists; BMI, body mass index; BP, blood pressure.

###### 

Comparison of clinicopathologic features among groups classified by obesity grade
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^\*^One-way ANOVA; ^†^Chi-square and Fisher\'s exact test. SD, standard deviation; ASA, American Society of Anesthesiologists; BP, blood pressure; DM, diabetes mellitus; LN, lymph node.
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Comparison of clinicopathologic features among groups classified by smoking status
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^\*^One-way ANOVA; ^†^Chi-square and Fisher\'s exact test. SD, standard deviation; ASA, American Society of Anesthesiologists; BP, blood pressure; DM, diabetes mellitus; LN, lymph node.
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Comparison of clinicopathologic features among groups classified by perioperative blood pressure (mmHg)
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^\*^One-way ANOVA; ^†^Chi-square and Fisher\'s exact test. SD, standard deviation; ASA, American Society of Anesthesiologists; DM, diabetes mellitus; LN, lymph node.
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Univariate and multivariate analysis of variables influencing overall mortality
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HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; ALP, alkaline phosphatase; ESR, erythrocyte segmentation rate; LN, lymph node.
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Univariate and multivariate analysis of variables influencing cancer-specific mortality
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HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; ALP, alkaline phosphatase; ESR, erythrocyte segmentation rate; LN, lymph node.
